This paper proposes a dynamic multi-sector production network model in which …rms receive news on the future product-speci…c demand of a representative household. Since production takes time and …rms in the production sectors are connected via input-output links, news on the future …nal demand of an individual product changes …rms' forecasts of their future sales, creating economy-wide e¤ects named as forecast shocks. Forecast shocks are transferred upwards through the supplier-customer connections in the network, from the buyer of an input good to the producer. The model explains the asymmetry in the transmission of individual shocks in the network and how shocks to the expectations generate real, persistent e¤ects. The equilibrium is analytically solved and calibrated to the U.S. economy. A preliminary estimation under the assumptions for the shock processes shows the importance of the forecast shocks.
Introduction
This paper treats the news on demand as a source of aggregate volatility. In particular, I focus on the shocks to the expectation of product-speci…c demand which can lead to changes in real economic activities. In general, the future demand of households depends on many factors such as their income, the price of the product, their expectations of the prices of the product in the future, and …scal policy. Consider motor vehicle production as an example. As part of the Survey of Consumers conducted by University of Michigan, the time series of indices of Buying Conditions for Vehicles (henceforth VBC) show the consumers'willingness to by and/or the economic conditions of buying household motor vehicles in the following year.
1 I interpret this indicator as the expected demand for motor vehicles. Figure 1 plots the co-movement between the monthly VBC and the monthly index for industrial production of NAICS sectors 3361-3, producers of motor vehicles. The time series data of indices for industrial production are part of the G.17 series, calculated and released by the Board of Governors of the Federal Reserve System. The VBC, or the expected demand, seems to lead the output of motor vehicles when the data are in their raw form, HP …ltered, or even in the trend. Reporting the cross-correlogram between these two series, Figure 2 con…rms the lead/lag relationship. I then turn to the major suppliers of inputs required by vehicle producers. In fact, around 38.8% of the input expenditure of this sector is spent on its own products, 9.3% on fabricated metal products, and 8.6% on primary metals, which are products of NAICS sectors 332 and 331, respectively. Not surprisingly, the suppliers'output levels comove with that of the customer, as shown by Figure 3 . Additionally, the top two panels of Figure 4 depict the lead/lag relationship between VBC and the output of each supplier sector. Figure 4 shows a similar pattern to Figure 2 . This evidence supports my claim that the expectation regarding the demand for a certain product, in this example, vehicles, has real impact not only on the producer but also on the producer's input suppliers. The bottom two panels of Figure 4 show that the outputs of the two supplier sectors also comove with that of the customer sector. Meanwhile, the positive relationship between the lagged output of the suppliers and the current output of the customer, albeit weak, suggests a timing di¤erence between the input purchase and the production, as assumed by Long and Plosser (1983) . The forecast shocks feature upward transmission direction, contrary to the downward transmission of productivity shocks in the same model. In reality, one expects the shock transmission through the supplier-customer links to move in both directions, instead of uni-directionally. However, recent empirical studies provide evidence that suggests the upward direction from the cus- 1 In the survey, consumers are asked the following question: "Speaking now of the automobile market -do you think the next 12 months or so will be a good time or a bad time to buy a vehicle, such as a car, pickup, van, or sport utility vehicle?" Among the consumers who feel it will be a good time to buy a vehicle, low loan interest rates and low price expectation are among the main reasons cited for buying one.
tomer to the supplier is more important. Estimating structural equilibrium models, Shea (2002) …nds that demand-side linkage is important in generating output comovement at the sector level, hence the upward transmission of sector-speci…c shock is important at the aggregate level. Conley and Dupor (2003) …nd the strongest evidence for complementarity when sectors are "close" to each other according to a distance measure that captures Shea's demand-side linkage. At the …rm level, Kelly, Lustig and Van Nieuwerburgh (2013) suggest that upstream shock propagation provides a better description of …rm volatility data than downstream. Among publicly traded …rms, Cohen and Frazzini (2008) …nd evidence of "customer momentum", that is, predictable stock return for the supplier …rm when there are shocks to its linked customer …rms. Additionally, they show that present customer shocks have signi…cant predictability over the supplier's future real activity while the predictability does not exist without the link. I solve the model analytically and use the U.S. Bureau of Economic Analysis (BEA) Annual Industrial Accounts to calibrate the model and quantitatively illustrate the importance of forecast dynamics. Using the calibrated model, I compute the sector-speci…c forecast sequences from the standard use tables between 1998 and 2011. Under the assumptions that …nal consumption shares follow the Dirichlet distribution and that the news follows the multinomial distribution, I estimate the parameters for the processes and simulate the model. The simulation shows that without any productivity shock the model can generate non-trivial aggregate ‡uctuations measured as the standard deviation of the real total value added (GDP).
In the main model, I assume that the source of the forecast ‡uctuation is driven by news shocks based on the consumers'preference parameters in the future. The news is received by all agents in the economy, so there is no asymmetric information across agents. The forecast dynamics can also be driven by fundamental irrelevant factors, which is similar to the sentiment shock in Angeletos and La'O (2013). The two mechanisms are observationally equivalent in the current framework.
The rest of this paper is organized as follows. In section 2 I present the model and its equilibria. In section 3 I discuss the dynamics of forecast in the equilibrium. In section 4, I calibrate the model and quantitatively explore the importance of forecast shock. Section 5 concludes.
Related Literature
First, my paper is directly related to the multi-sector real business cycle models. There is a longstanding debate: Can idiosyncratic productivity ‡uctuations cause business cycles at the aggregate level. To the best of my knowledge, Long and Plosser (1983) develop the …rst model to study this issue. Horvath (1998 Horvath ( , 2000 and Dupor (1999) introduce capital accumulation into Long and Plosser (1983) . However, this literature ignores that the aggregation of idiosyncratic shock critically depends on the topology of the input-output network. Hence, there is an emerging literature that studies the role of the topology of the IO network in macroeconomics. Acemoglu et al. (2012) consider a static multi-sector model and study the role of the input-output network in the aggregation of idiosyncratic productivity shock in di¤erent sectors. They show that independent idiosyncratic shocks in di¤erent sectors cannot o¤set each other when the network is asymmetric. In contrast to the previous literature, my paper studies news shock instead of productivity shock. In Long and Plosser (1983)'s framework, the productivity shock does not a¤ect the share of sales. However, the share changes over time, which indicates the existence of another source of ‡uctuation. I introduce sector-speci…c forecast shock. I also study how the network structure determines the transmission mechanism of sector-speci…c forecast shocks. Unlike Horvath (1998 Horvath ( , 2000 and Dupor (1999) , the dynamics in my model come purely from the information and time-toproduce mechanism instead of from capital accumulation. In addition, in my model, the forecast shock is transmitted from the downstream sectors to the upstream sectors, which is consistent with the recent …rm-level empirical studies by Kelly, Lustig and Van Nieuwerburgh (2013). Ober…eld (2013) studies the endogenous formation and evolution of input-output networks.
Second, my paper is closely related to La'O (2013) which combines Angeletos and La'O (2013) and Long and Plosser (1983) to study the role of sentiment and ripple in macroeconomy. My paper is di¤erent from La'O in two aspects: (1) La'O studies a special topology of input-output network, the production chain, while I consider an input-output network that is calibrated to the real economy. (2) The source of ‡uctuation in La'O is the sentiment ‡uctuation and agents hold heterogenous information, while in my model, the ‡uctuation derives from the common forecast shock, which is driven by news shock. (3) In La'O, the distribution of sales is unchanging over time as in Long and Plosser (1983) .
Last, in my paper, one possible source of forecast shock is the news shock about the consumer's preference. Hence, my paper is also related to the news shock literature. See Lorenzoni (2011) for a detailed survey. In this literature, one assumes that the consumers and …rms receive expectation shock on the technology in the future, and studies how the news shock a¤ects the demand and output.
Model

Setup
I consider a multi-sector model following Long and Plosser (1983) . Time is discrete with in…nite horizon, t = 0; 1; 2; :::. The economy consists of n competitive sectors denoted by f1; 2; :::; ng, each of which produces a distinct type of good. Each good can be consumed by consumers or used as an input for the production of other goods in the following period.
Firms. At time t, the production of good i requires labor hired at t and a basket of goods as inputs, the amount of which is determined in the previous period. Firms in the same sector employ a common time-invarying Cobb-Douglas production technology with constant returns to scale. In addition, the production at each sector is subject to some idiosyncratic productivity shock. Speci…cally, the technology of sector i transforms h it units of labor and x ijt 1 units of pre-determined amount of good j, 8j = 1; :::; n, into y it units of output, determined by
where z it is the realized productivity term. De…ne the productivity vector at time t as z t = (z 1t ; :::; z nt ) 0 , which is drawn from a stationary process,
with uncoditional mean z = (z 1 ; :::; z n ) E (z t ) = z:
i 2 (0; 1) is i's total share of input use and 1 i is the labor share. Out of i's total input use, the share of j's product as input is ! ij 0, which captures the importance of good j in producing i. When ! ij > 0, industry i is a customer of good j and sector j is a supplier. The constant returns to sale technologies require that P j ! ij = 1 for each sector i. De…ne 
determines the production architecture, which is in fact a directed network amongst all industries with weighted links, in which the direction is simply that of the ‡ow of input goods. The importance of a link from industry j to i is captured by the value of ! ij . Generically, is an asymmetric matrix.
Sector i is represented by one …rm i with ‡ow pro…t it , which is the sales of good i minus the labor compensation and the input purchase for production in the following period:
Consumers. In addition to the …rms, there is a representative long-lived household that gains utility from consuming a variety of goods and supplies labor to each sector. The preference ( ‡ow payo¤) is modeled as
where t is the aggregate preference parameter, it governs the good-i-speci…c preference, c it is the amount of good i consumed at time t, and h it is the labor supplied to sector i at t. Assume the preference parameter t > 0 follows a Markovian process such that t+1 ( j t ) , and
The utility takes the logarithm form u (c) = ln c, and the disutility of working,
0. Let vector t summarize product-speci…c preference parameters at time t such that t = ( 1t ; 2t ; :::; nt ) 0 and
Assume that nature draws all f t g +1 t=0 at the beginning of time while all agents in the economy share a common prior belief that t is independent and identically distributed over time, t ( ) with the expectation = ( 1 ; :::; n ) 0 , and
As will be shown later, it is the equilibrium share of consumption expenditure on good i at time t. The household receives labor income and all pro…ts and discounts the future at rate 2 (0; 1). Input-Output Structure. Following Acemoglu et al. (2012) , one can de…ne the in ‡uence vector of this economy, given the set of parameters, ( ; A; ). The in ‡uence vector measures the contribution of sector-speci…c shocks to aggregate volatility. This model di¤ers from the static version studied by Acemoglu et al. (2012) in the intertemporal concern of the …rms when deciding the input purchase for the use in production in the following period, so the contribution of sectorspeci…c shocks to the aggregate economy may vary over time. However, in a situation without forecast shocks, the contribution of sector-speci…c shocks to the aggregate ‡uctuations is timeinvarying regardless of sector-speci…c productivity shocks, so one can de…ne the stationary version of the in ‡uence vector as follows. De…nition 1. The stationary in ‡uence vector of the economy, given input-output matrix , the input shares A, the consumption shares , and the discount rate , is a vector v = (v 1 ; v 2 ; :::; v n )
where is an n n matrix such that each column is v. An alternative way to write v is in a recursive fashion such that for each i,
As will be shown later, each element of the stationary in ‡uence vector is in fact the ratio between the revenue of a sector divided by the aggregate value added. When external information arrives in each period, the in ‡uence of each sector on the aggregate economy varies over time.
Information Structure. Assume that at any time t, all agents share a common information set I t . The economy evolves according to the following timeline. At the beginning of period t, …rms in each sector inherit from the previous period the input goods, fx ijt 1 g n j=1 for all sector i. All shocks to fundamentals of the current period are realized and become observable, including (fz it ; it g n i=1 ; t ). At the same time, agents in this economy receive a set of signals M t from an exogenous source and the information set updates such that I t = I t 1 [ ffz it ; it g n i=1 ; t ; M t g. I assume the signals contain information about future product-speci…c demand. The speci…c form of the signals M t will be discussed with greater detail in due course. However, it is worth noting that M t is commonly known by all parties in the economy, so there is no heterogenous information in my model. Seeing the wages and prices, …rms of all sectors make employment choices and the household provides labor to each sector. Production takes place. Firms decide on input purchase for production in the next period while the household buys the basket of goods for consumption.
Decisions and Equilibrium
Household' s Choice. At each time t, after the realization of t and t , the household takes wages fw it g i , prices fp it g i , and pro…ts f it g i as given and chooses labor supply fh it g and consumption bundle fc it g subject to the budget constraint:
Let t be the Lagrangian multiplier of this constraint, then household maximization yields the following …rst order conditions:
De…ne consumption index C t and consumption price index P
Given price fp it g and wage fw it g, the household's demand fc it g and labor supply fh it g can be rewritten as follows.
Firms'Choice. At each time t, after the realization of z it , …rm i chooses labor demand l it for current production and buys inputs fx ijt g j for future production to maximize pro…t, facing wage w it and prices fp jt g j and expecting a discount factor t;t+1 . De…ne …rm i's sales at time t as
Firm i's labor demand is given as follows:
De…ne input index of …rm i, X it , and input price index P X it ,
Firms form expectations based on the common information set at time t, I t , which summarizes all previous signals fM g t . Denote E t ( ) = E ( jI t ). Given the price fp jt g and the current information set I t , one can rewrite …rm i's input demand fx ijt g as follows:
At equilibrium, a …rm's discount factor is consistent with the household's intertemporal concern,
Hence, combining equations (7) and (8) yields the following Euler equation:
De…ne …rm i's one-period-ahead forecast at t as
Notice that …rms form their expectations based on a common information set that includes previous and current news fM g t , so the arrival of news in each period a¤ects …rms'decisions by changing their expectations. Formally, the equilibrium concept is de…ned as follows.
De…nition 2. A Competitive Equilibrium consists of a list of prices ffw
, alloca-
associated with forecasts
and information sets
, such that for each period t, (1) agents form their forecasts
based on I t , (2) household optimize given prices and …rms optimize given prices and (x ijt 1 ) n i;j=1 , (3) wages clear all labor markets, (4) product prices clear goods markets, c it + P j x jit = y it , 8i, and (5) information set evolves based on the realizations of exogenous processes and the law of motions of forecasts are consistent with agents'optimal choices and markets-clearing conditions.
Equilibrium Analysis
The model equilibrium has analytical solutions. I show in this subsection that the analysis of equilibrium forecasts can be separated from the rest of the equilibrium components. Lemma 1. On the equilibrium path, at any time t, given nf jt o j , the ratio of sector i's total sales to the aggregate value added is determined by
According to this lemma, the revenue of sector i from the sales of its product i depends on two parts: …nal consumption of product i by the household and i's customer sectors'forecasts of their future sales. Since production takes time, the forecast of a customer j's sales in the next period determines j's use of product i as input purchased in the current period. Therefore, for the supplier of a product, the customers'forecasts matter.
Given the forecasts, the real equilibrium allocations are uniquely pinned down. The labor hired by sector i is determined by
where the forecasts of the customer sectors future sales have a real e¤ect in the supplier sector's employment decision. Consequently, the current level of labor then determines real output of sector i given the inputs purchased in the previous period
The …nal consumption of product i by the household is a fraction of sector i's output,
and i's customer sector j gets x jit as input,
To set the prices, I make the normalization such that P j s jt = 1, and so s it is also sector i's share of total industrial sales at time t. Under this normalization, the shares of sales are solved for, as well as the consumption expenditure and the input purchases. Proposition 1. On the equilibrium path, at any time t, given nf jt o j , the normalized equilibrium outcome is described as follows:
1. sector i's share of the total industrial sales:
2. the total consumption expenditure and the consumption expenditure on the output of sector i: P
and 3. sector i's total input expenditure and its input expenditure on product j:
Additionally, the equilibrium price of product i is simply p it = s it =y it , and sector i pays the wage w it = (1 i ) s it =h it . Now we turn to the forecasts. De…ne the combined vector of forecasts at time t asf t such that f t = f 1t ; :::;f nt . The following theorem establishes the recursive formation of the one-periodahead forecasts. Theorem 1. The equilibrium forecast of each sector summarizes the expectation of its future share in consumption and the future forecasts of its customer sectors:
For any sector i, at any time t, the equilibrium one-period-ahead forecastf it has a recursive feature in that it summarizes sector i's beliefs about future forecasts by other sectors:
The second equality holds because of the assumption that, conditional on I t , the change in the aggregate preference parameter t+1 = t is independent of both f i g >t and future +1 = >t , and therefore, t+1 = t is also independent of future forecasts
The impact of j's future forecast on i is weighted by the importance of j's input use of good i, that is, the production function parameter j ! ji . In other words, the more industry j's production relies on good i as an input, the more industry i values its belief about j's forecasts.
Note that the productivity plays no role in the formation of forecasts. Under the functionalform assumptions of the household's preference and the production technologies, both of which are in the Cobb-Douglas forms, the e¤ects of productivity shocks on allocations and on prices cancel each other out completely. Therefore, the forecast of a sector's future sales summarize only the expectation of future demands of its product, by the household and by the customer sectors. This also eliminates the potential room for signals about future productivities.
Comparative Statics. Here I analyze some simple comparative statics with respect to sectorspeci…c productivity and aggregate demand shock. First of all, the productivity term of sector i at time t, z it , has a direct impact on its output, y it , on the consumption of good i, c it , on the price of good i, p it , and on other industries'intermediary use of good i, x jit , 8j. Other conditions held equal, an increase in z it leads to increases in y it , c it , and x jit , 8j such that ! ji > 0. It also leads to a decrease in p it . Because of the assumptions on the functional forms of the household preference and the production technology of the …rms, the impacts of any change in productivity in prices fp it g and in levels n y it ; c it ; fx jit g j o completely cancel each other out. Hence, changes in productivity do not show in the price-adjusted terms, that is, sales fs it g, consumption expenditures fp it c it g, and input purchases fp it x jit g. Moreover, a change in the productivity of a speci…c sector propagates to other sectors through the input choices in a downstream direction, traveling only from the producer of a certain product to its immediate customers and then to these customers' customers. Second, while similar in direction to the productivity term, a change in t a¤ects all industries as well as the household. Furthermore, the scale of the impact di¤ers from industry to industry or good to good.
Discussion of Dynamics
Stationary Forecasts
As a benchmark, it is worthwhile to characterize the equilibrium path on which there is no external signal, M t = ?, 8t. Under the current assumptions on the stochastic processes, the lack of further information ensures a time-invariant sequence of forecasts,f t =f .
thenf is the unique set of time-invariant forecasts on the stationary equilibrium path on which M t = ?, 8t. Equivalently written,f
Given the time-invariantf , the share of sales of sector i varies over time only if the consumption share of product i, it , changes over time. When the consumption expenditure shares are constant ( t = ), the vector of sales shares is also time-invariant and equal to the dynamic in ‡uence vector,
Note that, because of the assumptions on Cobb-Douglas production technologies and utility function, any productivity shock that can change z it (which in turn changes y it ) is fully absorbed in prices. The case in which fz it g is the only source of variation is the one studied by Long and Plosser (1983) . In the absence of forecast shocks, the distribution of sales across sectors fs it g is constant over time regardless of sector-speci…c productivity shocks or shocks to the news on future productivity. However, Figure 5 shows that when the input-output structure is calibrated, not only does the actual stationary distribution of industrial sales vary over time but the predicted stationary sales distribution also seems to di¤er quite a bit from the true distribution. As I will show, forecast shocks help amend this issue. A more special case is the steady state of the economy when all processes are set at the determinant mean levels. The steady state will serve as the starting point in the quantitative exploration.
and the corresponding wage is
For any sector i, given the steady state output y i , the price of product i, p i ; the consumption of product i, c i ; and sector j's use of product i as input, x ji ; are given by
3. The set of steady state outputs fy i g is the unique solution to the following system
News about Product-Speci…c Demand As Driving Force
In the introductory example of motor vehicle production, the series of indices for Vehicle Buying Conditions can be viewed as a measure of the consumers'expected buying capacity of household motor vehicles. Under the lens of this model, this buying capacity of a particular good corresponds to product-speci…c demand, which is captured by the expectation of the equilibrium consumption share of this good. Therefore, in this subsection, I model the external signals as shocks that can change the expectation of future consumption shares.
Recall the recursive formation of the forecasts
hence for any sector i, the expected sales-value added ratiof it summarizes the expectations of all future consumption distribution, f t+ g 1 =1 . The weights depend on the input-output structure and the discount factor. To understand the recursive structure of expectations, consider the decision of a speci…c sector i whosef it is given bỹ
where the …rst term E t ( i;t+1 ) is the one-period-ahead forecast of sector i's own consumption share; the second term P j j ! ji E t ( j;t+2 ) is the time-discounted weighted sum of i's customers'twoperiod-ahead forecasts, weighted by the importance of product i in the production of customer j's output; the third term 2 P j P j 0 j ! ji j 0 ! j 0 j E t ( j 0 ;t+3 ) is the discounted weighted sum of three-period-ahead forecasts of i's customers' customers, twice weighted; and so on for further terms.
To formalize the process of updating beliefs while preserving the tractability of the model, consider a speci…c form of the set of external signals M t received at time t such that M t contains information about future product-speci…c consumption demand that arrives T periods ahead, T 1. Speci…cally, All sectors receive the same signals in each period and update their expectations of t+ . The structure of the signal set is designed to capture the idea that agents receive information and form expectations of future demand. The information is allowed to accumulate over time and the forecasts get more precise as available information grows. For example, comparing the current forecasts of demand for cars in one year and demand for cars in …ve years, one should expect the former to be more reliable because there are more signals observed. The assumption of multinomial signals is for technical simplicity. It accompanies the common prior Dirichlet distribution of product-speci…c preference vector t+ so that the updated posterior of the preference vector remains a Dirichlet distribution, which allows for simple explicit expression of the updated expectations. I do not wish to over-emphasize this functional form assumption on the signals for it merely complements the Dirichlet distribution in a Bayesian updating process.
At each time t, I t contains T +1 signals of t+ , 1 T , which are m 
; :::; m t t+1
; :::; m t t+2
. . .
The longer the time horizon, the less precise the available information is. I t does not contain any additional information on future periods beyond t+T besides the prior distribution of consumption shares. Therefore,f
I call the changes in the expectations E t ( t+ ) the result of forecast shocks, which in turn a¤ect the forecasts and decisions of …rms. Under the assumption of a common information set, I am able to maintain tractability of the model and step aside from the complexity of extracting information from prices and higher order beliefs when agents have heterogeneous information. The forecast shocks have the following features. First, he shocks to expectations have real impact because agents are forward-looking in making decisions. In particular, the forecasts enter the input purchase decisions of …rms due to the timing restriction that requres the …rms to decide on the amount of inputs without knowing future prices. In principle, the news on future productivity should a¤ect the current decisions via the same intertemporal-concern channel. However, under the functional assumptions of this model, the expected change in productivity and the expected change in price cancel each other out. Therefore, I can isolate the e¤ect of the novel news-on-demand shocks. Second, the shocks are transmitted upwards from customers to suppliers through the inputoutput links and these are the only upward-transmitting shocks under the model speci…cations. In reality, shock transmission in the economy is more plausibly bi-directional than either downwards only or upwards only and this should be the case for transmission of productivity shocks, news shocks, or other shocks. In the static variant of this model studied by Acemoglu et al. (2012) , the productivity shocks have immediate impact on real output of both upstream and downstream sectors because of market clearing prices. Third, the shocks a¤ect the size distribution of the sectors and have decaying and lasting real e¤ects over time. Compared to productivity shocks and news shocks to productivity, which cannot generate changes in the distribution of sectors' sales shares, the e¤ects of forecast shocks on prices and on quantities do not cancel each other out. Hence they show in sales, consumption expenditure, input expenditure, etc. Moreover, the e¤ects on quantities last and decay over time through the …rms'input purchase decisions. Lastly, in addition to its more conventional role in prolonging and propagating real e¤ects on outputs, the input-output structure plays an essential role in determining the scale and direction of a forecast shock. Suppose a signal in favor of sector j 0 arrives at time t such that all agents expect that the consumer will spend relatively more on good j 0 at time t + , hence E t ( j 0 ;t+ ) goes up by j 0 (and surely the expectations of consumption shares on other goods will decrease accordingly). The scale and direction of the impact of this change depends both on the position of sector j 0 in the production network and on how large is. Notice that the in ‡uence of the change j 0 varies as a result of two simultaneous e¤ects as becomes larger: (1) the change will a¤ect more sectors through the input-output connection in the upstream direction, while (2) the weight on j 0 gets smaller and more heavily discounted. Furthermore, the shocks to expectations of the future, even the distant future, have prolonged real e¤ects through the input purchase decisions. The net e¤ect of such a change is further discussed and demonstrated quantitatively in the simulation section. Unlike the demand parameter t and the productivity indices fz it g i , both of which are conventional in the business cycle literature and directly a¤ect the fundamentals, the forecast shocks and the interplay between forecast shocks and input-output connections are newly introduced in this paper. Moreover, they are not explicitly related to any of the current fundamental variables in the economy, but rather re ‡ect the future economic conditions. The formation of forecasts also captures the second role the supplier-customer network plays in reality: it allows communication of information between a supplier and a customer when trading. In a very stylized fashion, the forecast formation process shows how a …rm or an industry gathers and exploits information from its business activity, and how it makes production and input purchase decisions based on this information.
Notice that external signals a¤ect the economic activities only by changing agents'forecasts, and the change of forecasts is driven by the arrival of external signals only. Consequently, one can understand how the arrival of external signals a¤ects the economy by studying how the changes in forecasts a¤ect the economy. In the following analysis, I show that the sector speci…c forecast f it has a non-trivial e¤ect both on the distribution of sales and on total output. Not only doesf it a¤ect industry i, but it also has a direct impact on other industries that are connected to i through the input-output link. Sector i's output is increasing in its own forecastf it . Also, sector j's output is increasing in i's forecast if sector i uses product j as an input. In other words, the impact of one sector's forecast on the output level of another sector goes upstream from a customer (i) of a certain product (j) to its producer (j).
Sector i increases its input expenditure when its own forecast increases. Sector j decreases its output expenditure when i's forecast increases.
When sector i's forecast increases, whether its share of total industrial sales increases or not depends on how heavily sector i uses its own product as an input. In fact, most of the sectors retain a large fraction of their outputs for each period.
Similarly, in response to the same increase in i's forecast, sector j's share of sales increases only if i is an important customer of product j, that is, out of i's input purchases, the fraction spent on product j is larger than sector j's share of total industrial sales.
Hence, the change in distribution of shares of industrial sales re ‡ects the impact of changing forecasts. Such change travels upstream through supplier-customer connections similar to the way the impact of forecasts on output levels does. However, unlike the case of output levels, whether and how much the sales share will increase depends on the importance of the seller's product as an input to the customer.
Impact Paths of News
As in previous discussion, due to the forward-looking and recursive fashion of the forecast formation, a change in expected future forecasts shows up immediately in current forecasts via the supplier-customer connections, which in turn a¤ect the distribution of sales shares in the present period. The real e¤ect of such change will last into the following periods because of the dynamic input choices. In this section, I illustrate the model mechanism by a counterfactual exercise. The parameterization of the model is discussed in the calibration and estimation section.
To highlight the e¤ects of changes in forecasts, let the realization of the product-speci…c preference vector, i.e., the consumption shares, be …xed at the mean, t = , while preserving the common prior distribution of t . Moreover, …x the level of productivity z t = z and …x the aggregate preference t = . Consider a simpli…ed version of the posterior updating process, in which only one external signal arrives so the forecasts are updated once upon its arrival. Let t 0 be the time of impact when an external signal arrives. Before this period, the agents form stationary forecastsf and expect no change in future consumption shares. Let the signal be such that the updated expected consumption share of good i in T periods changes relatively by fraction , and the other shares change accordingly:
Here T is called the target time and i the target sector. In addition, since there is no further signal in the following periods,
For the purpose of illustration, consider a speci…c experiment in which = 0:1, T = 3, and sector i that undertakes the change is i = 'Petroleum and coal products'with NAICS code 324. In general, at the industry level, an industry is connected to several others by the input-output relation. Hence, instead of production chains, one observes a production network measured by the matrices A and . I pick a "chain-like" subset of this network for better demonstration and the logic holds for more general cases. One of Petroleum and coal products's major downstream sectors, namely its customers, is NAICS 481'Air transportation'. Its most important immediate supplier is NAICS 3 'Oil and gas extraction'whose major suppliers include NAICS 532RL 'Rental and leasing services and lessors of intangible assets'. Now, at time t 0 = 1, the economy receives the external signal and all agents update their expected future consumption shares: The expected consumption share of i at time t 0 +T = 4 increases about 10% and the expected shares of other sectors adjust accordingly. The updated expectations show up directly in the forecasts upon impact. This impact then a¤ects the distribution of shares of industrial sales, and the real terms: output levels, consumption, input purchase, etc. Figure 6 shows the changes of forecasts formed by sectors on the "chain" over time. All four sequences of forecasts change immediately upon the arrival of the signal at time 1. However, each spikes at a separate time. For the underlining sector, the forecast sequence spikes at time 3, one period before the uncertainty is resolved. For its supplier and the supplier's supplier, the maximum forecasts occur at time 2 and time 1, respectively. The customer's forecast does not change signi…cantly. It is important to notice how the impact of shocks to expectation is transferred in the upstream direction. Upon impact, the underlining sector anticipates a higher consumption share of its own product in three periods and its forecasts of future sales relative to total consumption are adjusted accordingly. Its direct supplier anticipates the same and the increased expectation of customer sales will drive the purchase of the supplier's product as input, which will happen in two periods. The same logic explains the spike in the forecast of the supplier's supplier. Therefore, a shock to the forecasts acts as a demand-side shock and travels upstream through the supplier-customer connections. In the downstream direction, however, the main blow of the forecast shock does not directly a¤ect the customer. Once the uncertainty resolves, in this case when the signal is proven to be "wrong", the forecasts instantly adjust back to the stationary levels. Figure 7 illustrates the corresponding series of sales shares of the four sectors. Under the current model speci…cation, neither productivity shocks nor shocks to the expectations of productivity can change the shares of industrial sales. As in the discussion on comparative statics, in response to an increase in sector j's forecast, j's own share of sales increases if j heavily relies on its own product as input and j's supplier's share of sales increases if j is a major customer of the supplier. It is not surprising that the shares of sales of the four sectors move in the way shown due to how the "chain" is selected. Since the shares of sales depend only on the forecasts formed in the same period, the shares return to the stationary case when the forecasts do.
The responses of the real output, consumption, and input uses are shown in Figure 8 , Figure  9 , and Figure 10 , respectively. Obviously, not only does the transitory shock to forecasts have real e¤ects but these real e¤ects also last because of the one-period-ahead input decisions. At each time, the real e¤ects come from two sources: one is the change in the forecasts formed in that period and the other is the lasting impact of changes in previous periods through the input decisions. Since the forecasts return to the stationary levels at time 4, deviation of output, consumption, and input uses from their steady state levels from time 4 onwards is the cumulated result of the e¤ect from the latter source. This is the same as the lasting impact of a transitory productivity shock.
At the aggregate level, Figure 11 shows how the logarithm of real GDP, log (GDP t ), responds to the same shock to forecasts, where log (GDP t ) = log P C 0 C t . With the prices normalized at a …xed level, changes in real GDP are in fact changes in the consumption index and the logarithm of real GDP is equivalent to the utility gained from consuming the basket of goods. The impact of the shock to forecasts on log (GDP t ) is, in general, not monotonic over time. Similar to the case of consumption of an individual product, before the uncertainty resolves, log (GDP t ) is under the direct impact of current-period forecasts and the indirect impact from previous forecasts carried through the input-output links; while after the uncertainty resolves, the lasting e¤ect is solely due to the inputs.
Due to the timing constraint on the input decision, any shock to the forecasts at impact time t 0 has a persistent e¤ect. I report the impact results when T = 3 so that the upward shock transmission from the customers to their suppliers is clearly shown in Figures 6 to 10 . However, it is expected that when the target time T changes, the resulting paths of impact on each variable will not be the simple horizontal shifts along the time line. In addition, a sector's position in the production network also helps shape the impact paths. Figure 12 plots the responses of log (GDP t ) for di¤erent target times, T = 1; 2; 3; 4, and for three other target sectors, with = 0:1 unchanged. After the impact, the resulting changes in log (GDP t ) di¤er both in the scale and in the direction across sectors and across various target times.
Quantitative Explorations
An important feature of the model is that in equilibrium, the evolvement of the forecasts sequence
relies only on the distributions of future product-speci…c preference shocks f g >t and the news about future demand. Once the values of forecasts are given, the rest of the equilibrium components are also determined. The parameterization of the model goes backwards: I calibrate part of the model to match the observed variables in the data and then calculate the forecasts sequence from the data; then I estimate the distribution of the news. Using the estimation results, I show the importance of the news about future demand as a driving force of the aggregate economic volatility.
Calibration
The main data set used to calibrate and estimate the model is taken from the Annual Industry Accounts at the Bureau of Economic Analysis. In particular, the annual use table (after rede…-nitions) sets the targets of calibrating the most important set of parameters, which contains the shares of input goods in each industry, A = diag ( 1 ; :::; n ); the speci…c share of each certain good used as input, with (i; j) = ! ij ; and the mean of the prior distribution of product-speci…c demand parameters, = ( 1 ; :::; n ). The use table is essentially a matrix that shows the uses of commodities by industries as intermediate inputs and by …nal users in a given year from 1998 to 2011. The uses are measured in terms of dollar expenditures. Excluding the governments, the annual use tables report the information on 61 industries/commodities. From the analysis of the model, the shares of input goods A are in fact the complements of labor shares, each of which is the fraction of total industrial sales used for labor compensation:
In equilibrium, the realized product-speci…c preference parameters t are the current-period total consumption expenditure shares of each product. Hence t can be chosen such that the equilibrium composition of consumption expenditure lines up perfectly to the data. The consumption expenditure on each commodity is measured as the …nal use of that commodity, including the amount imported.
it =
Final use on i at t Total …nal uses at t ;
and the unconditional mean of the consumption shares is set at the simple average over the 1998 to 2011 period, = P t (Final use of each commodity at t) P t (Total …nal uses at t) :
The production technology matrix determines the input requirements of each sector, and this is abtained by normalizing the total input expenditure by each sector to one:
The discount factor is set to be 0.96 to match the annual frequency of the data set. In addition, I set " = 1 so that the disutility in labor has a quadratic form. The unconditional mean of the aggregate preference shock, , is set at 9.49 which ensures the average labor supply at the steady state is 1/3. Moreover, since the process of aggregate preference t and that of the sector-speci…c productivity fz it g n i=1 do not a¤ect the sequence of
under the assumption of the model, the uncertainty is shut down such that the aggregate preference is …xed over time, t = , 8t and all sectors share the same time-invariant productivity z it = z i = z, 8i; t. The unconditional mean of the productivity z is 10.
Recovering the Forecast Process
The featured driving force of the model is the news about future product-speci…c demand, fM t g, which leads to the changes in the forecast sequence
and in turn causes the ‡uctuations in the other equilibrium components. Apparently, both the news and the forecasts are unobservable in the data. However, under the stark model assumptions, the equilibrium forecasts can be recovered as a function of the observable variables. In fact, the Euler equations of the …rms can be rewritten to get the following result.
Lemma 2. For each sample period t, for each industry i, the forecast termf it is uniquely pinned down by the following equation:
According to this lemma, the standard use table is used to recover the forecasts from 1998 to 2011, where P X it X it is industry i's total input expenditure at t, and P C t C t is the total value added (GDP) at t. Discriptive statistics of the calculated sequence of forecasts can be found in the appendix.
In the model, the shares of sectorial sales change only when the forecasts do, so I check how much more the estimated sequence of forecasts 
To highlight the importance of forecasts, the unconditional mean of consumption shares enters this equation, instead of the actual shares t . The labor shares f j g are also the time-invarying calibrated values. The model-predicted sales shares will also di¤er from the actual sales shares due to the stark assumptions made in the model. De…ne the unexplained cross-sectional variation in sales shares (UEVS) at time t as
where shares fs it g are either the stationary shares fs i g of the model or the model-predicted shares s
M odel it
using the estimated ff it g. A lower level of UEVS means a better …t of the sales shares and an ideal …t yields zero UEVS. In fact, taking the average over time, we have U EV S Stat = 0:2304 U EV S M odel = 0:0815: Figure ? ? illustrates the model-predicted distribution of industrial sales using the forecasts backed up from the data.
Estimation and Simulation
The analysis of the forecast formation does not require any speci…c distributions of the productspeci…c preference shocks or of the news process. For the purpose of estimation and simulation, I impose further assumptions on these distributions, ( ) and m ( j t ).
Assume that the independent and identical prior ( ) of the product-speci…c prefence shocks t is a Dirichlet distribution of order n with concentration parameters and a scale parameter > 0, t Dirichlet n ( ) hence E ( t ) = and determines the scale of the variance-covariance matrix of t . The unconditional expectation is pinned down in the calibration. To accommodate the Dirichlet prior, let the news that contains the information on t be drawn from a multinomial distribution. Speci…cally, for each t, the distribution of news m t t about t that arrives in period t is where the integer N 1 is the number of trials and t represents the probability associated with each possible outcome in one trial. Conditional on the news, the posterior distribution of t remains Dirichlet. In each period t, the posterior distributions of future t+ have the following expectations,
The speci…c information structure discussed in the theoretical model is very stylized, according to which the changes in forecasts solely come from the news about future product-speci…c demands. Therefore, the variation in forecasts provides the target in the estimation of the news process. Speci…cally, the remaining parameters to be estimated are , N , and T , where controls the scale of the variance matrix of the prior distribution of t , N determines the precision of news, and T sets how far into the future the news can reach. 
The news about t received in period s, 8s < t, is independently drawn from the multinomial distribution wiht N trials, m Therefore, the unconditional variance-covariance matrix of the news, denoted as m , is such that
Note that, for each piece of news, the unconditional variance-covariance matrix m ( ; N ) is the same, namely, m ( ; N ) depends neither on the target time t nor on the news arrival time s < t.
In fact, m ( ; N ) remains the same for any T .
For a given T , the forecast vector at each time t can be written as
where Const is a time-invariant constant vector. Consequently, due to the independence assumption on the news, the unconditional variance-covariance matrix off t , f ( ; N; T ), has the following form f ( ; N; T ) = V ar f t ; ; N; T
The data counterpart of the unconditional variance-covariance matrix of forecasts c f can be directly calculated from the recovered forecast sequence. Similarly, the unconditional variancecovariance matrix of product-speci…c preference c can also be calculated using the realized t . The estimation strategy consists of two steps and picks and (N; T ) sequentially.
Step one pickŝ to match c and step two chooses N ;T to match c f given^ . Table 3 . Estimation Result of ( ; N; T ) Step 1
Step 2 Result^ = 6651N = 25000;T = 1
According to the estimation result, at the annual frequency, the news that arrives in each period contains only information on the product-speci…c preference in the following period,T = 1. Consequently, in the model language,
To see how much aggregate ‡uctuation can result from the changing forecasts driven by continual arrivals of news, I do the following three experiments, each of which starts from the steady state of the model and evolves under a particular driving force. In the …rst experiment (E1), the product-speci…c preference in each period, t , is independently drawn from the Dirichlet distribution with concentration parameters^ , the news is informative, m t t+1 M N N ; t+1 , and the prior distribution of t is "correct". The t sequence in the second experiment (E2) is …xed at its mean, t = , the news is then iid, m t t+1 M N N ; , while the agents holds the Dirichlet prior. In the third experiment (E3), the only driving force is the changing t . The aggregate volatility is measured as the standard deviation in the growth rate of real GDP. During the sample period, between 1998 and 2011, this standard deviation is 0.0202. The model counterpart is Std gdp
M odel t
, where gdp M odel t is de…ned as the following Table 4 reports the simulation results. The driving force of the economy in E1 is a mixture of product-speci…c preference shocks and news that re ‡ects the changing t , which is capable of generating the aggregate volatility 0.0156. This level is around 77% percent of the actual volatility in the growth rate of real GDP. In E2, the news process is the only source of shocks. Note that because t is …xed at , the distribution of news is …xed as well. With all relevant fundamentals …xed at their steady state levels, the iid news alone generates signi…cant ‡uctuation at the aggregate level, more than 6%. E3 illustrate the importance of the product-speci…c preference shocks, without news arrivals. 
Concluding Remarks
The paper develops a dynamic multi-sector production network model in which …rms receive external information on the future demand structure. Since …rms are connected via an inputoutput network, news on the future demand of an individual industry has a global e¤ect. Shocks to future forecasts are transferred upwards through the supplier-customer connections in the network, from the buyer of an input good to the producer. The shares of industrial sales then re ‡ect the updated forecasts, which have real e¤ects and ‡uctuate over time. The model is able to explain (1) the asymmetry in the transmission of individual shocks in the network, and (2) the time-varying distribution of sales across industries, which cannot be explained by multi-sector models using purely individual productivity shocks. The numerical exercise demonstrate the importance of the newly introduced forecast shocks to generate aggregate-level economic volatility.
Market clearing
Note that the proof also implies
and HH labor supply condition
Discription Statistics
The means and standard deviations of the recovered forecasts and consumption shares are reported in the following Other services, except government * This industry is excluded from the main analysis to ensure all relevant matrices are invertible.
